Background Measures of the effectiveness of risk minimization activities are necessary for the appropriate use of drugs, and clinical databases are a low-cost method of quickly producing such results. Objective The aim of this study was to explore the secondary application of clinical databases in verifying the impact of risk minimization activities; specifically, whether such databases could be used to identify changes in hepatitis B virus testing behavior after an alert from the Pharmaceuticals and Medical Devices Agency (PMDA) in Japan. Methods Patient data from December 1, 2010 to November 30, 2012 were extracted from the Medical Data Vision clinical database. The percentages of patients tested for hepatitis B virus DNA (HBV-DNA), hepatitis B surface antigen (HBsAg), and hepatitis B surface antibody (HBsAb)/hepatitis B core antibody (HBcAb) were compared 1 year before (consecutive 6-month periods A and B) and 1 year after (consecutive 6-month periods C and D) a PMDA alert regarding viral reactivation in patients receiving immunosuppressive agents. Results Data for 9866 patients in the clinical database were analyzed. After the PMDA alert, the percentage of patients tested for HBV-DNA linearly increased in periods A to D: 4.70 % (n = 262/5571), 5.78 % (n = 330/5710), 6.52 % (n = 398/6101), and 7.59 % (n = 479/6315). However, no changes were observed in the rates of HBsAg and HBcAb/HBsAb testing (around 50 and 70 %, respectively). Overall testing rates appeared to differ depending on disease and drug type. Conclusion These findings suggest that the PMDA alert was effective at recommending HBV-DNA testing. This secondary application of clinical databases may be effective for verifying the impact of risk minimization activities.
Results indicated that a clinical database could be used to quantitatively verify the impact of risk minimization activities like this alert, which could support implementation of future risk minimization activities and verification of their impact.
Although the use of clinical databases to measure the effectiveness of risk minimization activities in pharmacovigilance is necessary for the appropriate use of drugs, the use of clinical databases is not yet common in Japan. We expect this study to encourage similar research in the future.
Introduction
As more clinical databases become available for general use, researchers are exploring a variety of potential new applications. Recent studies have used clinical databases to verify the impact of drug risk minimization activities [1] [2] [3] . Several such studies have investigated the effects on hepatitis B screening in cancer patients undergoing chemotherapy. Hanson et al. comparatively investigated the percentage of cancer patients tested for hepatitis B surface antigen (HBsAg) and hepatitis B core antibody (HBcAb) at the onset of chemotherapy in the US before and after the publication of clinical care guidelines [1] . Hwang et al. similarly reported the changes over time in the percentage of cancer patients tested for HBsAg and HBcAb when starting chemotherapy in the US [2] . In Japan, Ikeda et al. used an administrative health insurance claims database to compare the implementation of hepatitis B screening tests before and after the publication of Japanese hepatitis B virus (HBV) guidelines in cancer patients receiving chemotherapy for the first time [3] .
Measures of the effectiveness of risk minimization activities are necessary for the appropriate use of drugs [4] . Using clinical databases for this purpose is a relatively lowcost method and provides rapid results. The drug safety departments of pharmaceutical companies are most often responsible for verifying the impact of drug risk minimization activities; however, thorough verification is rare, with communication usually limited to a one-way flow of information to the medical community. After developing the capacity to utilize clinical databases, researchers at Chugai Pharmaceutical Co., Ltd (Chugai) investigated their utility in databases verifying the impact of risk minimization activities.
In October 2011, Japan's Pharmaceuticals and Medical Devices Agency (PMDA) issued an alert regarding the risk of hepatitis B reactivation with immunosuppressive agents [5] . However, no studies to date have used a clinical database to investigate the relationship between the PMDA alert and changes in hepatitis B testing behavior for patients receiving immunosuppressive agents.
The PMDA alert recommended that ''when administering drugs with immunosuppressive effects, healthcare professionals should carefully observe patients' signs and symptoms related to hepatitis B virus growth by monitoring results of liver function tests or hepatitis virus markers''. This alert was a suitable target to examine the potential for using clinical databases to verify the impact of distributing information to the medical community. Doctors aware of the alert when prescribing immunosuppressive agents would presumably then perform regular screening (such as HBsAg testing) and monitoring (such as HBV-DNA testing) according to Japanese HBV guidelines [6, 7] . The percentage of patients tested for HBsAg or monitored for HBV-DNA would be expected to increase. These changes in testing status would be reflected in databases such as the Medical Data Vision (MDV) clinical database, which includes the results of HBsAg testing in Japan.
This study aimed to clarify whether a pharmaceutical company can use a clinical database to quantitatively verify the impact of risk minimization activities such as health authority alerts, which could support future implementation of risk minimization activities and verification of their impact.
Methods

Study Design
This cohort study used the MDV clinical database to investigate patients prescribed immunosuppressive agents. To identify changes in testing behavior, the status of patient testing for HBV markers was investigated during two consecutive 6-month periods before (A and B) and after (C and D) the PMDA alert (Fig. 1) .
This study was conducted using a hospital claims database stored in hospital electronic information systems Fig. 1 Four observation periods before and after a Pharmaceuticals and Medical Devices Agency (PMDA) alert. This study investigated whether any change could be confirmed in laboratory testing for hepatitis B in patients treated with immunosuppressive agents before and after an alert from the PMDA constructed by Medical Data Vision Co., Ltd (MDV; Tokyo, Japan). The MDV database covers approximately 8.14 million patients in 153 hospitals across Japan, with bed numbers ranging from 20 to more than 1000, and including about 10 % of all acute phase hospitals, except university hospitals. The database uses a diagnostic procedure combination payment system/per-diem payment system and comprises anonymized patient identifiers attached to data on sex, birth year, department visited, date of medical service, diagnosis codes, hospitalization status, medical procedures, test orders, operations, and prescriptions [8] .
During the study, the authors did not access any patient data in the MDV clinical database. MDV performed and supplied the results of aggregate analysis based on the analysis items and methods in the study protocol.
Subjects
Patients in the MDV clinical database who were already receiving (AR) or newly receiving (NR) an immunosuppressive agent (Table 3 in ''Appendix'') during any of the periods A through D (defined below) were investigated. Although steroids and the antirheumatic drug methotrexate are listed in the PMDA alert [5] , they were excluded from this study because they have a wide variety of indications. The PMDA alert was issued in October 2011; however, the division between periods B and C was set as November 30, 2011 in consideration of the estimated time (1-2 months) required for the details of the alert to be disseminated among the relevant medical institutions.
Clinical Outcomes
The point estimation and 95 % confidence interval (CI) for the following assessment items were calculated for periods A through D.
(a) The percentage of AR and NR patients tested for HBV-DNA (at any frequency), and the percentage of these patients regularly tested (at least once every 3 months) for HBV-DNA.
(b) The percentage of NR patients tested for HBsAg before beginning immunosuppressive agent treatment, the percentage of these patients who were HBsAg negative, and the percentage of HBsAgnegative patients tested for HBcAb or hepatitis B surface antibody (HBsAb).
Statistical Analysis
Patients receiving immunosuppressive agents were compared before and after the PMDA alert to check whether the rates of hepatitis B testing increased. Patients receiving immunosuppressive agents are defined as patients receiving any of the immunosuppressive agents listed in Table 3 ''Appendix'' at least once during each period (A-D).
On the basis of the protocol for this study (approved by the Seisenkai Matsumoto Clinic Institutional Review Board on September 19, 2014, according to Japanese ethical guidelines for epidemiologic research [9] ), MDV conducted aggregate analysis of snapshot data from the clinical database on September 22, 2014. The results were supplied to the authors in Excel (Microsoft) spreadsheet and graph form.
Definitions and analysis methods for each assessment item are as follows:
Rates of HBV-DNA testing in AR and NR patients The rates and 95 % CIs for HBV-DNA testing were calculated using the number of AR and NR patients receiving an immunosuppressive agent during each period (A-D) as the denominator and the number of patients tested for HBV-DNA as the numerator. 95 % CIs were estimated in all analyses using the Clopper-Pearson interval.
The rates and 95 % CIs for regular HBV-DNA testing were calculated using the number of AR and NR patients receiving an immunosuppressive agent during each period (A-D) as the denominator and the number of patients tested regularly for HBV-DNA as the numerator.
Rates of HBsAg testing, HBsAg-negative patients, HBcAb testing, and HBsAb testing in NR patients The rates and 95 % CIs for HBsAg testing were calculated using the number of NR patients starting an immunosuppressive agent in each period (A-D) as the denominator and the number of these patients tested for HBsAg before immunosuppressive agent treatment (in the 60 days up to and including the start of treatment) as the numerator. The rates and 95 % CIs for HBsAg-negative patients were calculated using the number of patients tested for HBsAg as the denominator and the number of patients who tested negative as the numerator. The rates of HBcAb and HBsAb testing in HBsAg-negative patients was calculated using the number of HBsAg-negative patients as the denominator and the number of these patients tested for HBcAb and HBsAb as the numerator.
The following aggregate analyses were also conducted for each rate above:
Table showing patient background Summary statistics and number of cases in each category (%) for the following parameters: sex; age; disease at start of observation; hospital scale (number of beds); and immunosuppressive agent.
Sub-group analyses Analysis by type of immunosuppressive agent (immunosuppressant, antineoplastic agent, antirheumatic drug) and disease (rheumatoid arthritis, hematological malignancies [including leukemia, lymphoma, and multiple myeloma], solid cancers, hematological malignancies and solid cancers).
Number of patients with hepatitis B or identified as HBV carriers Percentages of patients newly administered a hepatitis B anti-viral drug (Table 4 in ''Appendix'') and patients with hepatitis B or identified as HBV carriers (Table 5 in ''Appendix'') following a negative HBsAg test result.
Results
Aggregate analysis was conducted regarding the frequency of tests for detecting or monitoring HBV and the percentage of patients tested for hepatitis B before (periods A and B) and after (periods C and D) the alert was issued (Fig. 1). A total of 9866 patients (AR 4506; NR 5360) were extracted from the MDV clinical database and investigated (Table 1) . A linear increasing trend was observed in the Thus, both rates showed an increasing trend after the alert was issued (Figs 2a, 3) . Conversely, no post-alert changes were seen in the rates of HBsAg testing before beginning immunosuppressive agent treatment in the 5360 NR patients ( Fig. 5 ). By disease type, mean rates of HBV-DNA testing were comparatively high for patients with hematological malignancies or hematological malignancies and solid cancers (multiple cancers) (14-23 %) and low for those with solid cancers or rheumatoid arthritis (1-7 %), excluding other cancer groups because of a limited number of investigated patients; however, for all disease types, rates of testing showed an increasing trend after the alert was issued (Fig. 2b) . By drug type, mean rates of HBV-DNA testing were high for patients receiving antineoplastic agents (16-24 %) and low for those receiving antirheumatic drugs (3-7 %) or immunosuppressants (2-4 %); however, for all drug types, an increasing trend was again observed after the alert was issued (Fig. 2c) .
The rates of regular HBV-DNA testing in AR and NR patients and for HBsAg, HBcAb, and HBsAb testing in NR patients showed no changes on subgroup analyses. However, similar differences in the rates of testing depending on the disease or drug type were observed for these tests and for HBV-DNA testing.
Because only four of the 9866 AR and NR patients were newly administered hepatitis B anti-viral drugs and shown to have HBV infection or be HBV carriers, no further analysis of this subgroup was conducted. 
Discussion
Rates of HBV-DNA testing showed an increasing trend after the PMDA alert was issued. However, it is difficult to attribute these changes directly to the alert. Although the October 2011 PMDA alert concerned all immunosuppressive agents, many pharmaceutical companies had already individually issued alerts for these agents, with the package inserts already stating or being revised to include wording such as ''development of hepatitis caused by reactivation of hepatitis B virus''. In particular, package insert revisions implemented in March 2011, 7 months before the PMDA alert, may have affected our findings. While this study compared testing behavior before and after a PMDA alert, observation periods in future database studies should consider the status of manufacturer-issued alerts for each individual drug.
No post-alert changes were observed in the rates of HBsAg testing; rates of negative HBsAg test results (excluding unclear results); or rates of HBcAb and HBsAb testing in HBsAgnegative patients before beginning immunosuppressive agent The different rates of HBV-DNA testing for different disease types observed in subgroup analysis may be due to disease-related differences in the percentage of patients requiring HBV-DNA monitoring. These findings suggest that clinical databases can be used to identify overall testing rates and differences in testing rates by disease and drug type.
Although no clear behavioral changes were identified after the alert, the gradual overall increase in the rates of HBV-DNA testing suggests the occurrence of changes unrelated to the alert. Future studies should take into consideration the apparent differences in testing rates for different diseases and drug types as well as the changes in testing behavior observed across all four periods, from before to after the alert.
Although these findings may have been affected by the characteristics of the clinical database used in the study, they indicate the potential for secondary application of clinical databases to verify the impact of risk minimization activities. Using a different clinical database to investigate the reproducibility of these findings would demonstrate their robustness and confirm the utility of clinical databases for such verification.
Limitations
Several limitations to this study should be noted. Because the data source was limited to acute care hospitals, the findings cannot be generalized. Furthermore, difficulty confirming the status of patients transferred to and from hospitals other than data-source institutions limits the accuracy of assessment of patient follow-up and previous treatment.
A wide range of immunosuppressive agents were investigated, increasing the likelihood of confounding factors such as the primary disease for which the drug was prescribed, the indication of the drug, the hospital department, and whether the treatment was inpatient or outpatient. Appropriate adjustment for these confounding factors is an issue for continuing investigation.
It may be premature to definitively state that clinical databases are useful for verifying the impact of risk minimization activities solely on the basis of the linear increasing trend in rates of HBV-DNA testing observed in this study. Repeatability should therefore be confirmed using multiple databases.
Conclusion
HBV-DNA testing is important for ensuring rapid treatment and preventing exacerbation in cases of new and reactivated hepatitis B. The rates of HBV-DNA testing showed an increasing trend after the PMDA alert regarding the risk of hepatitis B reactivation with immunosuppressive agents. No changes were observed in the rates of HBsAg, HBcAb, and HBsAb testing. The PMDA alert appears to have been effective at recommending monitoring tests including the HBV-DNA test but ineffective for the screening tests. Therefore, the ability to estimate testing rates using the clinical database suggests that this secondary application of clinical databases may be effective for verifying the impact of risk minimization activities. Interferon alfa (BALL-1) J03B1
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